To support the role of nurses as active proponents of antimicrobial stewardship in longterm care facilities, we developed an educational intervention consisting of a free online course comprised of 6 interactive modules. Here, we report the effect of the course on the knowledge, beliefs, and attitudes toward antimicrobial stewardship of nurses working in long-term care facilities. Methods: We used a paired pre-and postcourse survey instrument to assess nurses' knowledge regarding the care of long-term care facility residents with infections and attitudes and beliefs regarding antimicrobial stewardship.
Antimicrobial-resistant and health care-associated pathogens cause >2.5 million infections in the United States each year. 1 Nearly 2% of these infections end in death. 1, 2 Antimicrobial stewardship is a critical part of preventing illness caused by antimicrobialresistant and health care-associated pathogens. The goals of antimicrobial stewardship are to minimize unnecessary and inappropriate antimicrobial use.
Although there is sufficient evidence to develop guidelines in support of antimicrobial stewardship in acute care facilities, 3, 4 there is limited evidence describing successful antimicrobial stewardship practices in nursing homes. [5] [6] [7] [8] There are nearly 1.4 million nursing home residents in the United States, 9 and an estimated 10% of them receive antimicrobials each day. 10 Unfortunately, 40%-75% of antimicrobial use in nursing home residents is either inappropriate or unnecessary. 11, 12 In recognition of the scope of this problem, both the Centers for Medicare and Medicaid Services (CMS) and the Executive Order -Combating Antibiotic-Resistance Bacteria call for improving antimicrobial stewardship in nursing homes. 13, 14 Although most proponents of antimicrobial stewardship recommend a multidisciplinary approach, the role of nurses as antimicrobial stewards is often overlooked. 15 Registered nurses (RNs) and licensed practical nurses (LPNs) have a strong influence on the evaluation of potential infections through their clinical assessments, collection of samples for microbiologic culture, and communication with other team members. This is especially true in nursing homes where RNs and LPNs function as both the frontline clinicians who assess and care for residents and as the principal communicators among prescribers, other nursing home staff, residents, and their family members.
Previously, we described a course distributed through the Veterans Affairs (VA) Employee Education System that presented content intended to help nursing staff improve the care of nursing home residents with possible infections. 16 Building on that work, we updated and adapted the content to an online format readily accessible to health care providers outside of the VA system. The target audience for the course remained RNs and LPNs working in nursing homes and other long-term care settings. Here, we report results from paired surveys used to compare changes in the attitudes, beliefs, and knowledge of RNs and LPNs before and after completing the online course.
METHODS

Ethics statement
The study protocol and survey was reviewed and exempted by the institutional review board at the corresponding author's institution.
Online course
The course was made available online at no cost to participants. 17 Described in greater detail elsewhere, 16 the course consisted of 6 interactive modules (30 minutes each) that addressed the following topics: signs and symptoms of infection in older adults; differentiating urinary tract infections from asymptomatic bacteriuria; recognition and evaluation of upper respiratory tract infections, bronchitis, and pneumonia; appropriate application of transmission-based precautions; proper collection of samples for microbiologic culture; and improving communication with providers using Situation, Background, Assessment and Recommendation (SBAR). As a communication style, SBAR has improved communication in other health care settings. 18 All clinical content was developed using published guidelines. To claim 3.0 nursing contact hours, course participants had to complete all 6 modules and the pre-and postcourse surveys.
The course was advertised to attendees at academic conferences for infectious diseases, infection control and prevention, and postacute and long-term care. It was also publicized in professional newsletters and on Web sites directed toward nurses working in infection control and long-term care settings. Interested health care professionals were encouraged to distribute course information among their colleagues.
Survey instrument
We developed a survey consisting of 8 demographic queries, 25 items about attitudes and beliefs answered on a 5-point Likert scale, and 12 multiple choice knowledge questions. Six of the attitudes and beliefs items 19 and all of the knowledge questions were previously validated. 16 Six questions assessed confidence related to the learning objectives for each module, and 13 questions were related to factors that influence the decision to initiate antibiotics in nursing homes. 6 The anonymous surveys, administered using a survey platform (Qualtrics, Provo, UT), were accessed via an Internet link embedded within the course immediately before starting and after course completion. Course participants were required to complete the precourse survey to access the first module. All 6 modules had to be completed before respondents could access the postcourse survey and subsequently claim nursing contact hours. Each survey (pre-and postcourse) took approximately 20 minutes to complete. To match the pre-and postcourse surveys, respondents entered a numeric identifier that included nonidentifiable information from their date of birth and cell phone numbers. The pre-and postcourse surveys contained the same 12 multiple choice knowledge questions and the 25 items about confidence and beliefs. Respondents were not provided the correct answers to the knowledge questions after they completed the pretest.
Data analysis
Respondent-generated identifiers permitted matching of the preand postcourse surveys. Quantitative data were summarized using descriptive statistics, including a mean score for each 5-point Likert response. For the knowledge questions, we determined the number of correct responses (out of 12 questions). Differences between preand postcourse responses in the Likert scale items and the knowledge score were assessed using paired t tests with a Bonferroni correction to adjust for multiple comparisons. All statistical analytics were conducted using R (version 3.1.3; R Foundation for Statistical Computing, Vienna, Austria).
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RESULTS
Among the 108 people that completed a matched pre-and postcourse survey, 103 respondents were our target population of nurses, either RNs (n = 71; 66%) or LPNs (n = 32; 30%). Of these, 98 (95%) were women, 65 (60%) worked at a community-based nursing home, and 61(59%) reported at least 10 years of experience caring for older adults ( Table 1) .
The surveys permitted comparison of respondents' attitudes, beliefs, and knowledge before and after completion of the online course ( Table 2 ). The items assessing attitudes indicated an increase in respondents' confidence pertaining to the learning objectives for each module, particularly for modules 2 and 3, which describe how to differentiate urinary tract infections from asymptomatic bacteriuria and upper respiratory tract infections, bronchitis, and pneumonia. Notably, for each of the 4 items about their role in antimicrobial stewardship, the respondents' mean scores showed a significant increase in confidence (P < .001). The 2 items that showed the greatest changes considered the influence of nurses' knowledge of a resident's baseline status and nurses' assessment of residents on antibiotic prescriptions (3.8/5 to 4.5/5 for both items). Beliefs changed little between the pre-and postcourse surveys. Most respondents agreed with the idea of watchful waiting as a potential strategy to avoid antibiotics (4.1/5) and disagreed with the statement that only vulnerable people acquire multidrug-resistant pathogens (2.0/5).
Finally, for the 12-item knowledge assessment, the proportion of questions answered correctly increased from 75% (9.0 of 12 questions; 95% confidence interval [CI], 8.7-9.3) to 86% (10.4 of 12 questions; 95% CI, 10.1-10.6) after completion of the educational content (P < .001). Table 3 details the scores for individual questions. Respondents showed the most improvement in recognizing the definition of fever in older adults (question 1) and in strategies to prevent catheter-associated urinary tract infections (question 4). Items with average scores >90% on the pretest indicated that the group had acceptable prior knowledge of some of the material, whereas other scores, most notably for the 2 questions about collecting samples for microbiologic culture (questions 9 and 10), suggest the persistence of a knowledge gap. To a lesser degree, the results regarding the purpose of SBAR and symptoms of a urinary tract infection also indicate a knowledge gap. A post hoc analysis comparing the responses of RNs and LPNs showed that RNs had a higher pre-and postcourse knowledge score (9.2; 95% CI, 8.8-9.5 and 10.5; 95% CI, 10.2-10.9, respectively) than LPNs (8.5; 95% CI, 8.0-9.1 and 9.9; 95% CI, 9.5-10.5, respectively). Notably, the change in knowledge score was similar for RNs and LPNs (1.3 and 1.4, respectively; P = .24).
DISCUSSION
Our matched surveys indicate that after participating in the online course, nurses had a greater awareness of their role as antimicrobial stewards in nursing homes. Specifically, nurses reported increased agreement that their own knowledge of a resident's baseline status, assessment, and communication with providers and families influences whether a resident receive antibiotics. Additionally, their overall knowledge scores improved as did their perceptions that people in other roles (ie, physicians, nurse practitioners, physician assistants, pharmacists) routinely practice antimicrobial stewardship. Compared with our previous survey of VA providers, the respondents described here reported greater agreement that pharmaceutic companies will make new, equally effective antibiotics and that infection control practices are more important than antimicrobial stewardship in the prevention of acquiring multidrug-resistant pathogens and Clostridium difficile. 16 The outcomes from the knowledge questions reveal similar gaps to those revealed in our survey of VA employees who took a previous version of this course. 19 Although 100% of the respondents to the survey described here correctly defined SBAR in the pre-and postcourse, a smaller proportion of the respondents here correctly identified the purpose of SBAR compared with VA employees in our prior survey. 19 Nurses affect many aspects of the evaluation and care of people with potential infections, from timing and quality of microbiologic cultures to administering and monitoring the response to antimicrobials. 15 Through a survey of hospital-based nurse educators, Olans et al identified several educational needs, suggesting that addressing these would support nurses' efforts to become active members of antimicrobial stewardship programs. 21 Our online course described here addressed some of these educational needs, including proper techniques for obtaining good culture samples, recognizing the difference between colonization and infection, awareness of signs and symptoms of infection, and most notably, improving confidence to ask prescribers about antimicrobial use. Because of their lower pre-and postcourse knowledge, our online course may be particularly valuable for LPNs, who provide approximately 70% of licensed care provided to residents in long-term care settings. 22 In contrast with acute care, nurses working in long-term care settings strongly influence the antibiotic prescribing process. 6 Previous qualitative studies of the perceptions of nursing home staff indicated that, especially around the issue of positive urine cultures, nurses were central to decisions about prescribing antibiotics. 23, 24 Educational interventions that include both nurses and prescribers may be an effective means to influence the decisions leading to antibiotic prescriptions and to promote effective antimicrobial stewardship. [25] [26] [27] [28] [29] At a single VA community living center, an educational intervention which included nurses and providers reduced inappropriate treatment of asymptomatic bacteriuria. 27 The intervention had a sustained effect lasting over 2 years after the intervention. Although targeting nurses alone is unlikely to lead to measurable improvements in the appropriate use in antibiotics, the outcomes described here suggest that an interactive online format is able to improve nurses' knowledge and confidence and offers a possible component for a broader, multidisciplinary effort.
Health care regulatory and accreditation agencies recognize the importance of antimicrobial stewardship in nursing homes. In 2015, CMS proposed that nursing homes need to have an antibiotic stewardship program as a condition of participation in Medicare and Medicaid programs. 13 In concordance with CMS and as an outgrowth of the White House Forum on Antibiotic Stewardship in June 2015, The Joint Commission released revisions for their Medication Management (MM) standards. Effective January 2017, The Joint Commission's new MM standard (MM.09.01.01) will require nursing homes, and hospitals and critical access hospitals, to have antimicrobial stewardship programs. 30 Among the nursing home-related MM standards, several patient care criteria were added. MM's Element of Performance (EP) 2 will require nursing homes to educate all staff and licensed independent practitioners about antimicrobial resistance and antimicrobial stewardship. Similarly, EP 3 will call for nursing homes to extend educational efforts to residents and their families about the appropriate use of antimicrobials; bedside nurses will be ideal for fulfilling this responsibility. Further, EP 5 will require nursing homes to identify nursing leaders, working as part of an interprofessional team, to be responsible for overseeing antimicrobial stewardship in the facility. These revised MM standards are closely aligned with the Core Elements of Antibiotic Includes a Veterans Affairs Community Living Center (n = 1), outpatient clinic (n = 1), continuing care retirement community (n = 1), facility for adults with disabilities (n = 1), home care (n = 2), or not specified (n = 4). § Based on regions defined by the U.S. Census Bureau.
Stewardship for Nursing Homes issued by the Centers for Disease
Control and Prevention, which call for providing educational resources about antimicrobial stewardship to nursing staff, residents, and families and for incorporating antimicrobial stewardship into the position description for directors of nursing. 31 Online education targeting nurses and their role in antimicrobial stewardship could be a useful and practical component of comprehensive antimicrobial stewardship programs in nursing homes.
Our study has some limitations. First, the sample size (N = 103) is fairly small, and the attrition rate was approximately 50%. Although >200 respondents began the precourse survey, the length of the course (3 hours) and surveys (20 minutes per survey) likely limited the number of people who could complete all the portions necessary for analysis. Second, our analysis did not exclude or separate respondents of different educational backgrounds (ie, RNs, LPNs) or roles in long-term care settings, including nonclinical roles (ie, administration, teaching). Given our focus on nurses who work in nursing homes and other long-term care, this mix of educational backgrounds and roles is consistent with the staffing seen in these settings. Third, we included several novel survey items. We applied the same analysis for the novel and the previously validated questions; we did not observe differences among the responses. 16, 19 Fourth, we cannot exclude the possibility of social desirability bias; however, the conservative Bonferroni correction, which adjusts the observed P values based on the total number of tests performed, helped to minimize the risk of false-positive results. Finally, we did not assess knowledge retention or change in practice as a result of the online course. We will explore these possibilities in future investigations.
CONCLUSIONS
Our results suggest that online education for RNs and LPNs about the principles of antimicrobial stewardship may be a viable component in multifaceted efforts to reduce inappropriate antibiotic use in the nursing home setting. As nursing homes prepare to meet policy changes proposed by CMS and The Joint Commission that call for antibiotic stewardship programs, nurses will likely become integral members of multidisciplinary antimicrobial stewardship teams. Antimicrobial stewardship-focused education may increase nurses' confidence, empower them to help effect changes necessary to reduce unnecessary antibiotic prescriptions, and improve the overall care and safety of nursing home residents. It is our sincere hope that our free online course will support broader antimicrobial stewardship efforts across an array of health systems and settings.
